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METHOD FOR MONITORING DOWNLINK
CONTROL CHANNEL IN WIRELESS
COMMUNICATION SYSTEM AND DEVICE
FOR SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the National Phase of PCT Interna-
tional Application No. PCT/KR2014/000018, filed on Jan. 2,

2014, which claims priority under 35 U.S.C. 119(¢e) to U.S.
Provisional Application No. 61/748,125, filed on Jan. 1,
2013 and 61/818,914, filed on May 2, 2013, all of which are
hereby expressly incorporated by reference 1nto the present
application.

TECHNICAL FIELD

The present invention relates to a wireless communication
system and, more particularly, to a method and device for
monitoring a downlink control channel 1n a wireless com-
munication system.

BACKGROUND ART

A 3rd generation partnership project long term evolution
(3GPP LTE) (hereinatter, referred to as ‘LTE’) communica-
tion system which 1s an example of a wireless communica-
tion system to which the present invention can be applied
will be described in brief.

FIG. 1 1s a diagram 1illustrating a network structure of an
Evolved Universal Mobile Telecommunications System
(E-UMTS) which 1s an example of a wireless communica-
tion system. The E-UMTS 1s an evolved version of the
conventional UMTS, and its basic standardization 1s in
progress under the 3rd Generation Partnership Project
(3GPP). The E-UMTS may be referred to as a Long Term
Evolution (LTE) system. Details of the technical specifica-
tions of the UMTS and E-UMTS may be understood with
reference to Release 7 and Release 8 of “3rd Generation
Partnership Project; Technical Specification Group Radio
Access Network™.

Referring to FIG. 1, the E-UMTS includes a User Equip-
ment (UE), base stations (eNode B; eNB), and an Access
Gateway (AG) which 1s located at an end of a network
(E-UTRAN) and connected to an external network. The base
stations may simultaneously transmit multiple data streams
for a broadcast service, a multicast service and/or a unicast
service.

One or more cells exist for one base station. One cell 1s
set to one of bandwidths of 1.44, 3, 5, 10, 15 and 20 MHz
to provide a downlink or uplink transport service to several
user equipments. Different cells may be set to provide
different bandwidths. Also, one base station controls data
transmission and reception for a plurality of user equip-
ments. The base station transmits downlink (DL) scheduling
information of downlink data to the corresponding user
equipment to notity the corresponding user equipment of
time and frequency domains to which data will be transmut-
ted and information related to encoding, data size, and
hybrid automatic repeat and request (HARQ). Also, the base
station transmits uplink (UL) scheduling information of
uplink data to the corresponding user equipment to notify
the corresponding user equipment of time and frequency
domains that can be used by the corresponding user equip-
ment, and mmformation related to encoding, data size, and
HARQ. An imterface for transmitting user tratlic or control
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traflic may be used between the base stations. A Core
Network (CN) may include the AG and a network node or
the like for user registration of the user equipment. The AG
manages mobility of the user equipment on a Tracking Area

(TA) basis, wherein one TA includes a plurality of cells.
Although the wireless communication technology devel-
oped based on WCDMA has been evolved into LTE, request
and expectation of users and providers have continued to
increase. Also, since another wireless access technology 1s
being continuously developed, new evolution of the wireless
communication technology will be required for competitive-
ness 1n the future. In this respect, reduction of cost per bit,
increase ol available service, use of adaptable frequency
band, simple structure and open type interface, proper power
consumption of the user equipment, etc. are required.

DISCLOSURE
Technical Problem

An object of the present invention devised to solve the
problem lies 1n a method and device for monitoring a
downlink control channel 1n a wireless communication
system.

The technical problems solved by the present invention
are not limited to the above technical problems and other
technical problems which are not described herein will
become apparent to those skilled 1n the art from the follow-
ing description.

Technical Solution

The object of the present mvention can be achieved by
providing a method of monitoring a downlink control chan-
nel of a user equipment (UE) 1n a wireless communication
system 1ncluding monitoring the downlink control channel
on a flexible downlink subiframe, wherein the flexible down-
link subirame 1s configured by reconfiguring, for downlink
communication, an uplink subirame configured according to
a reference uplink-downlink (UL-DL) configuration,
wherein the reference UL-DL configuration includes a com-
bination of a first UL-DL configuration configured for a first
cell and a second UL-DL configuration configured for a
second cell, and wherein the first UL-DL configuration and
the second UL-DL configuration are configured to change
use of radio resources.

The flexible downlink subirame may support only a
transmission mode based on a cell-specific reference signal.

The flexible downlink subiframe may have a first orthogo-
nal frequency division multiplexing (OFDM) symbol
assigned to an enhanced physical downlink control channel
(EPDCCH).

The first and second UL-DL configurations may be linked
to different enhanced downlink control channel (EPDCCH)
sets. The flexible downlink subirame may be configured to
monitor a specific EPDCCH set having quasi co-location
with a UL-DL configuration configured for downlink com-
munication at a time corresponding to the flexible downlink
subirame, between the first and second UL-DL configura-
tions.

The method may further include receiving a reconfigura-
tion message ncluding information indicating the flexible
downlink subirame, and the reconfiguration message may be
received using a physical channel signal.

The flexible downlink subirame may be configured such
that a common reference signal (CRS) 1s not transmitted
thereon.
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A multicast broadcast single frequency network (MB-
SFN) may be configured on the flexible downlink subirame.

In another aspect of the present invention, provided herein
1s a user equipment (UE) for monitoring a downlink control
channel 1n a wireless communication system including a
radio frequency unit and a processor, wherein the processor
1s configured to monitor the downlink control channel on a
flexible downlink subiframe, wherein the flexible downlink
subirame 1s configured by reconfiguring, for downlink com-
munication, an uplink subframe configured according to a
reference uplink-downlink (UL-DL) configuration, wherein
the reference UL-DL configuration includes a combination
of a first UL-DL configuration configured for a first cell and
a second UL-DL configuration configured for a second cell,
and wherein the first UL-DL configuration and the second
UL-DL configuration are configured to change use of radio
resources.

Advantageous Effects

According to the present invention, when radio resources
are dynamically changed according to system load in a
wireless communication system, a downlink control channel
can be efhiciently monitored.

It will be appreciated by persons skilled in the art that that
the effects that can be achieved through the present invention
are not limited to what has been particularly described
hereinabove and other advantages of the present invention

will be more clearly understood from the following detailed
description.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention.

FIG. 1 1s a diagram 1illustrating a network structure of an
Evolved Umniversal Mobile Telecommunications System
(E-UMTS) which 1s an example of a wireless communica-
tion system.

FIG. 2 1s a diagram illustrating structures ol a control
plane and a user plane of a radio interface protocol between
a user equipment and E-UTRAN based on the 3GPP radio
access network standard.

FIG. 3 1s a diagram 1illustrating physical channels used in
a 3GPP LTE system and a general method for transmitting
a signal using the physical channels.

FI1G. 4 1s a diagram 1illustrating a structure of a radio frame
used 1n an LTE system.

FIG. 5 1s a diagram 1illustrating a resource grid of a
downlink slot.

FIG. 6 1s a diagram 1illustrating a structure of a downlink
subirame.

FIG. 7 1s a diagram 1llustrating a structure of an uplink
subirame used 1n LTE.

FIG. 8 1s a diagram showing an example of performing
CoMP.

FIG. 9 1s a diagram showing the case i which radio
resources are dynamically changed 1n a TDD system.

FIG. 10 1s a diagram showing a method of monitoring a
downlink control channel according to one exemplary
embodiment of the present invention.

FIG. 11 1s a diagram showing a base station (BS) and a
user equipment (UE) to which the embodiments of the
present mvention are applicable.
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4
BEST MODE

The following technology may be used for various wire-
less access technologies such as CDMA (code division
multiple access), FDMA (ifrequency division multiple
access), TDMA (time division multiple access), OFDMA

(orthogonal frequency division multiple access), and SC-
FDMA (single carrier frequency division multiple access).
The CDMA may be implemented by the radio technology

such as UTRA (universal terrestrial radio access) or
CDMA2000. The TDMA may be implemented by the radio
technology such as global system for mobile communica-
tions (GSM)/general packet radio service (GPRS)/enhanced
data rates for GSM evolution (EDGE). The OFDMA may be
implemented by the radio technology such as IEEE 802.11
(Wi-F1), IEEE 802.16 (WiMAX), IEEE 802.20, and evolved
UTRA (E-UTRA). The UTRA 1s a part of a universal mobile

telecommunications system (UMTS). A 3rd generation part-
nership project long term evolution (3GPP LTE) 1s a part of
an evolved UMTS (E-UMTS) that uses E-UTRA, and
adopts OFDMA 1n a downlink and SC-FDMA 1n an uplink.
LTE-advanced (LTE-A) 1s an evolved version of the 3GPP
LTE.

For clarification of the description, although the following
embodiments will be described based on the 3GPP LTE/
LTE-A, 1t 1s to be understood that the technical spirits of the
present invention are not limited to the 3GPP LTE/LTE-A.
Also, specific terminologies hereinafter used 1n the embodi-
ments of the present invention are provided to assist under-
standing of the present invention, and various modifications
may be made 1n the specific terminologies within the range
that they do not depart from technical spirits of the present
invention.

FIG. 2 1s a diagram 1illustrating structures of a control
plane and a user plane of a radio interface protocol between
a user equipment and E-UTRAN based on the 3GPP radio
access network standard. The control plane means a pas-
sageway where control messages are transmitted, wherein
the control messages are used by the user equipment and the
network to manage call. The user plane means a passageway
where data generated in an application layer, for example,
volice data or Internet packet data are transmaitted.

A physical layer as the first layer provides an imnformation
transier service to an upper layer using a physical channel.
The physical layer 1s connected to a medium access control
(MAC) layer via a transport channel, wherein the medium
access control layer 1s located above the physical layer. Data
are transferred between the medium access control layer and
the physical layer via the transport channel. Data are trans-
terred between one physical layer of a transmitting side and
the other physical layer of a receiving side via the physical
channel. The physical channel uses time and frequency as
radio resources. In more detail, the physical channel 1s
modulated 1n accordance with an orthogonal frequency
division multiple access (OFDMA) scheme 1n a downlink,
and 1s modulated 1n accordance with a single carrier ire-
quency division multiple access (SC-FDMA) scheme 1n an
uplink.

A medium access control (MAC) layer of the second layer
provides a service to a radio link control (RLC) layer above
the MAC layer via a logical channel. The RLC layer of the
second layer supports reliable data transmission. The RLC
layer may be implemented as a functional block inside the
MAC layer. In order to eflectively transmit data using IP
packets such as IPv4 or IPv6 within a radio interface having
a narrow bandwidth, a packet data convergence protocol
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(PDCP) layer of the second layer performs header compres-
s1on to reduce the size of unnecessary control information.

A radio resource control (RRC) layer located on the
lowest part of the third layer 1s defined 1n the control plane
only. The RRC layer i1s associated with configuration, re-
conﬁguratlon and release of radio bearers (‘RBs’) to be 1n
charge ol controlling the logical, transport and physical
channels. In this case, the RB means a service provided by
the second layer for the data transier between the user
equipment and the network. To this end, the RRC layers of
the user equipment and the network exchange RRC message
with each other. If the RRC layer of the user equipment 1s
RRC connected with the RRC layer of the network, the user
equipment 1s in an RRC connected mode. If not so, the user
equipment 1s 1n an RRC 1dle mode. A non-access stratum
(NAS) layer located above the RRC layer performs func-
tions such as session management and mobility manage-
ment.

One cell constituting a base station eNB 1s set to one of
bandwidths of 1.4, 3.5, 5, 10, 13, and 20 MHz and provides
a downlink or uplink transmission service to several user
equipments. At this time, different cells may be set to
provide different bandwidths.

As downlink transport channels carrying data from the
network to the user equipment, there are provided a broad-
cast channel (BCH) carrying system information, a paging
channel (PCH) carrying paging message, and a downlink
shared channel (SCH) carrying user tratlic or control mes-
sages. Traflic or control messages of a downlink multicast or
broadcast service may be transmitted via the downlink SCH
or an additional downlink multicast channel (MCH). Mean-
while, as uplink transport channels carrying data from the
user equipment to the network, there are provided a random
access channel (RACH) carrying an initial control message
and an uplink shared channel (UL-SCH) carrying user traflic
or control message. As logical channels located above the
transport channels and mapped with the transport channels,
there are provided a broadcast control channel (BCCH), a

paging control channel (PCCH), a common control channel
(CCCH), a multicast control channel (MCCH), and a mul-
ticast tratlic channel (MTCH).

FIG. 3 1s a diagram 1illustrating physical channels used in
a 3GPP LTE system and a general method for transmitting
a signal using the physical channels.

The user equipment performs 1mtial cell search such as
synchronizing with the base station when 1t newly enters a
cell or the power 1s turned on at step S301. To this end, the
user equipment synchronizes with the base station by receiv-
ing a primary synchronization channel (P-SCH) and a sec-
ondary synchronization channel (S-SCH) from the base
station, and acquires information such as cell 1D, efc.
Afterwards, the user equipment may acquire broadcast
information within the cell by receiving a physical broadcast
channel (PBCH) from the base station. Meanwhile, the user
equipment may identily a downlink channel status by
receiving a downlink reference signal (DL RS) at the 1nitial
cell search step.

The user equipment which has finished the mitial cell
search may acquire more detailed system information by
receiving a physical downlink shared channel (PDSCH) in
accordance with a physical downlink control channel (PD-
CCH) and information carried in the PDCCH at step S302.

Afterwards, the user equipment may perform a random
access procedure (RACH) such as steps S303 to S306 to
complete access to the base station. To this end, the user
equipment may transmit a preamble through a physical

random access channel (PRACH) (5303), and may receive
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a response message to the preamble through the PDCCH and
the PDSCH corresponding to the PDCCH (S304). In case of
a contention based RACH, the user equipment may perform
a contention resolution procedure such as transmission
(S305) of additional physical random access channel and
reception (S306) of the physical downlink control channel
and the physical downlink shared channel corresponding to
the physical downlink control channel.

The user equipment which has performed the aforemen-
tioned steps may receive the physical downlink control
channel (PDCCH)/physical downlink shared channel
(PDSCH) (S307) and transmit a physical uplink shared
channel (PUSCH) and a physical uplink control channel
(PUCCH) (S308), as a general procedure of transmitting,
uplink/downlink signals. Control information transmitted
from the user equipment to the base station will be referred
to as uplink control mformation (UCI). The UCI includes
HARQ ACK/NACK (Hybrid Automatic Repeat and reQQuest
Acknowledgement/Negative- ACK), SR (Scheduling
Request), CSI (Channel State Information), etc. In this
specification, the HARQ ACK/NACK will be referred to as
HARQ-ACK or ACK/NACK (A/N). The HARQ-ACK
includes at least one of positive ACK (simply, referred to as
ACK), negative ACK (NACK), DTX and NACK/DTX. The
CSI includes CQI (Channel Quality Indicator), PMI (Pre-
coding Matrix Indicator), RI (Rank Indication), etc.
Although the UCI 1s generally transmitted through the
PUCCH, it may be transmitted through the PUSCH 1if
control information and traflic data should be transmitted at
the same time. Also, the user equipment may non-periodi-
cally transmit the UCI through the PUSCH in accordance
with request/command of the network.

FIG. 4 1s a diagram 1llustrating a structure of a radio frame

used 1 an LTE system.
Referring to FIG. 4, 1n a cellular OFDM radio packet

communication system, uplink/downlink data packet trans-
mission 1s performed in a unit of subirame, wherein one
subirame 1s defined by a given time interval that includes a
plurality of OFDM symbols. The 3GPP LTE standard sup-
ports a type 1 radio frame structure applicable to frequency
division duplex (FDD) and a type 2 radio frame structure
applicable to time division duplex (TDD).

FIG. 4(a) 1s a diagram 1llustrating a structure of a type 1
radio frame. The downlink radio frame includes 10 sub-
frames, each of which includes two slots 1n a time domain.
A time required to transmit one subframe will be referred to
as a transmission time interval (T'11). For example, one
subirame may have a length of 1 ms, and one slot may have
a length of 0.5 ms. One slot includes a plurality of OFDM
symbols 1n a time domain and a plurality of resource blocks
(RB) in a frequency domain. Since the 3GPP LTE system
uses OFDM 1n a downlink, OFDM symbols represent one
symbol interval. The OFDM symbol may be referred to as
SC-FDMA symbol or symbol interval. The resource block
(RB) as a resource allocation unit may include a plurality of
continuous subcarriers 1n one slot.

The number of OFDM symbols included 1n one slot may
be varied depending on configuration of a cyclic prefix (CP).
Examples of the CP include an extended CP and a normal
CP. For example, 1f the OFDM symbols are configured by
the normal CP, the number of OFDM symbols included in
one slot may be 7. If the OFDM symbols are configured by
the extended CP, since the length of one OFDM symbol 1s
increased, the number of OFDM symbols included in one
slot 1s smaller than that of OFDM symbols 1n case of the
normal CP. For example, in case of the extended CP, the
number of OFDM symbols included 1n one slot may be 6. I
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a channel state 1s unstable like the case where the user
equipment moves at high speed, the extended CP may be
used to reduce mter-symbol interference.

If the normal CP 1s used, since one slot includes seven
OFDM symbols, one subframe includes 14 OFDM symbols.
At this time, first maximum three OFDM symbols of each
subirame may be allocated to a physical downlink control
channel (PDCCH), and the other OFDM symbols may be
allocated to a physical downlink shared channel (PDSCH).

FI1G. 4(b) 1s a diagram 1illustrating a structure of a type 2
radio frame. The type 2 radio frame includes two half
frames, each of which includes four general subirames,
which include two slots, and a special subirame which
includes a downlink pilot time slot (DwPTS), a guard period
(GP), and an uplink pilot time slot (UpPTS).

In the special subirame, the DwPTS 1s used for imitial cell
search, synchronization or channel estimation at the user
equipment. The UpPTS 1s used for channel estimation at the
base station and uplink transmission synchromzation of the
user equipment. In other words, the DwPTS 1s used for
downlink transmission, whereas the UpPTS 1s used {for
uplink transmission. Especially, the UpPTS 1s used ifor
PRACH preamble or SRS transmission. Also, the guard
period 1s to remove interference occurring in the uplink due
to multipath delay of downlink signals between the uplink
and the downlink.

Configuration of the special subiframe 1s defined in the
current 3GPP standard document as illustrated in Table 1

below. Table 1 illustrates the DwPTS and the UpPTS 1n case
of T =1/(15000x2048), and the other region 1s configured

for the guard period.

TABLE 1

Normal cvclic prefix in downlink
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30

S
TABLE 2-continued

Downlink-
to-Uplink
Uplink- Switch-
downlink point Subirame number

configuration periodicity 0 1 2 3 4 5 6 7 8 9

5 10 ms
6 5 ms

D S

u D D D D D D D
b s U U U D & U U D

In the above Table 2, D means the downlink subirame, U

means the uplink subirame, and S means the special sub-
frame. Also, Table 2 also illustrates a downlink-uplink
switching period 1n the uplink/downlink subirame configu-
ration of each system.

The structure of the alforementioned radio frame 1s only
exemplary, and various modifications may be made in the
number of subirames included in the radio frame, the
number of slots included in the subiframe, or the number of

symbols included 1n the slot.

FIG. 5 1s a diagram 1illustrating a resource grid of a
downlink slot.

Referring to FIG. 5, the downlink slot includes a plurality
of N,,,, 2% OFDM symbols in a time domain and a plurality
of N, ;7 resource blocks in a frequency domain. Since each
resource block includes N_** subcarriers, the downlink slot
includes N, .”“xN_** subcarriers in the frequency domain.
Although FIG. 5 illustrates that the downlink slot includes
seven OFDM symbols and the resource block includes

twelve subcarriers, it 1s to be understood that the downlink

Extended cvclic prefix in downlink

UpPTS UpPTS
Normal Extended Normal Extended
Special subframe cyclic prefix cyclic prefix cyclic prefix cyclic prefix
conflguration DwPTS in uplink in uplink DwPTS in uplink in uplink
0 6592 - T, 2192 -7, 2560 - T, 7680 - T, 2192 - T, 2560 - T,
1 19760 - T_ 20480 - T
2 21952 - T, 23040 - T,
3 24144 - T, 25600 - T,
4 26336 - T, 7680 - T, 4384 - T, 5120 - T,
5 6592 - T, 4384 - T, 5120 - T, 20480 - T,
6 19760 - T, 23040 - T,
7 21952 - T, 12800 - T,
8 24144 - T — — —
9 13168 - T, — — —

In the meantime, the structure of the type 2 radio frame,
that 1s, uplink/downlink configuration (UL/DL configura-
tion) in the TDD system 1s as illustrated 1n Table 2 below.

TABLE 2
Downlink-
to-Uplink
Uplink- Switch-
downlink point Subirame number

configuration periodicity 0 1 2 3

0 5 ms p s U vu u D § U U U
1 5 ms b s U U D D & U U D
2 5 ms b s U D D D & U D D
3 10 ms b s U U uUu D D D D D
4 10 ms b s U U D D D D D D

50

55

60

65

slot and the resource block are not limited to the example of
FIG. 5. For example, the number of OFDM symbols

included in the downlink slot may be varied depending on
the length of the CP.

Each element on the resource grid will be referred to as a
resource element (RE). One resource element 1s indicated by
one OFDM symbol index and one subcarrier index. One RB
includes N, , JPExN *” number of resource elements. The
number N, .”* of resource blocks included in the downlink
slot depends on a downlink transmission bandwidth config-
ured 1n the cell.

FIG. 6 1s a diagram 1llustrating a structure of a downlink
subirame.

Referring to FIG. 6, maximum three (four) OFDM sym-
bols located at the front of the first slot of the subframe
correspond to a control region to which a control channel 1s

allocated. The other OFDM symbols correspond to a data
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region to which a physical downlink shared channel
(PDSCH) 1s allocated. Examples of downlink control chan-
nels used i the LTE system include a Physical Control
Format Indicator Channel (PCFICH), a Physical Downlink
Control Channel (PDCCH), and a Physical Hybrid ARQ
Indicator Channel (PHICH). The PCFICH 1is transmitted
from the first OFDM symbol of the subirame, and carries
information on the number of OFDM symbols used for
transmission of the control channel within the subframe. The
PHICH carries HARQ ACK/NACK (Hybrid Automatic
Repeat reQuest acknowledgement/negative-acknowledge-
ment) signals 1n response to uplink transmission.

The control information transmaitted through the PDCCH
will be referred to as downlink control information (DCI).
The DCI includes resource allocation information for a user
equipment or user equipment group. For example, the DCI
includes uplink/downlink scheduling information, uplink
transmission (Ix) power control command, etc.

The PDCCH may include transport format and resource
allocation information of a downlink shared channel (DL-
SCH), transport format and resource allocation information
of an uplink shared channel (UL-SCH), paging information
on a paging channel (PCH), system information on the
DL-SCH, resource allocation iformation of upper layer
control message such as random access response transmitted
on the PDSCH, a set of transmission (1x) power control
commands of individual user equipments (UEs) within a
random user equipment group, transmission (Ix) power
control command, and activity indication information of
voice over Internet protocol (VoIP). A plurality of PDCCHs
may be transmitted within the control region. The user
equipment may monitor the plurality of PDCCHs. The
PDCCH 1s transmitted on aggregation of one or a plurality
of continuous control channel elements (CCEs). The CCE 1s
a logic allocation unit used to provide the PDCCH with a
coding rate based on the status of a radio channel. The CCE
corresponds to a plurality of resource element groups

(REGs). The format of the PDCCH and the number of

available bits of the PDCCH are determined depending on
the number of CCEs. The base station determines a PDCCH

format depending on the DCI which will be transmatted to
the user equipment, and attaches cyclic redundancy check
(CRC) to the control information. The CRC 1s masked with
an 1dentifier (for example, radio network temporary identi-
fier (RNTI)) depending on usage of the PDCCH or owner of
the PDCCH. For example, 11 the PDCCH 1s for a specific
user equipment, the CRC may be masked with cell-RNTI
(C-RNTI) of the corresponding user equipment. If the
PDCCH 1s for a paging message, the CRC may be masked
with a paging 1dentifier (for example, paging-RNTI
(P-RNTI)). If the PDCCH 1s for system information (in more
detail, system information block (SIB)), the CRC may be
masked with system information RNTI (SI-RNTI). I the
PDCCH 1s for a random access response, the CRC may be
masked with a random access RNTI (RA-RNTTI).

FIG. 7 1s a diagram 1llustrating a structure of an uplink
subirame used in LTE.

Referring to FIG. 7, the uplink subirame includes a
plurality (e.g., 2) of slots. The slots may imnclude SC-FDMA
symbols, the number of which i1s changed according to CP
length. The uplink subirame may be divided into a control
region and a data region 1n the frequency domain. The data
region includes a PUSCH and 1s used to transmit a data
signal such as voice. The control region includes a PUCCH
and 1s used to transmit uplink control mformation (UCI).
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The PUCCH 1includes an RB pair located at both ends of the
data region on a Irequency axis and 1s hopped at a slot
boundary.

The PUCCH may be used to transmit the following

control information.

Scheduling request (SR): Information used to request
uplink (UL)-SCH resources. This 1s transmitted using
an on-oil keying (OOK) method.

HARQ ACK/NACK: Response signal to downlink data
packets on a PDSCH. This indicates whether downlink
data packets have successiully been received. 1-bit

ACK/NACK 1s transmitted 1n response to a single
downlink codeword and 2-bit ACK/NACK 1is transmit-
ted 1n response to two downlink codewords.

Channel quality indicator (CQI): Feedback information
for a downlink channel. CSI includes a channel quality
indicator (CQI) and multiple 1nput multiple output

(MIMO)-related feedback information includes a rank

indicator (RI), a precoding matrix indicator (PMI) and

a precoding type indicator (PT1). 20 bits are used per

subirame.

The amount of control information (UCI) transmittable by
a UE on a subirame depends on the number of SC-FDMA
symbols available in control information transmission. The
SC-FDMA symbols available in control information trans-
mission mean SC-FDMA symbols excluding SC-FDMA
symbols for reference signal transmission 1n a subirame, and
a last SC-FDMA symbol of the subiframe 1s also excluded 1n
case of a subirame in which a sounding reference signal
(SRS) 1s configured. A reference signal 1s used for coherent
detection of a PUCCH.

Hereinaiter, cooperative multipoint (CoMP) transmission/
reception will be described.

A system of LTE-A or later has introduced a method of
enabling cooperation among several cells to increase system
performance. Such a method is referred to as cooperative
multipoint (CoMP) transmission/reception. CoMP refers to
a method of enabling two or more base stations (BSs),
access points or cells to cooperate with each other to
communicate with a user equipment (UE) in order to
improve communication between a specific UE and a BS,
access point or cell.

In general, in a multi-cell environment 1n which a fre-
quency reuse factor 1s 1, performance and average sector
throughput of a UE located at a cell edge may be reduced
due to 1nter-cell interference (ICI). In order to reduce ICI, 1n
a legacy LTE system, a method of enabling a UE located at
a cell edge to have appropnate throughput and performance
in an environment restricted by interference using a simple
passive method such as fractional frequency reuse (FFR) via
specific power control was applied. However, ICI 1s reduced
or reused by a UE as a desired signal more preferably than
reduction of frequency resources used per cell. In order to
accomplish the above-described object, a CoMP transmis-
sion scheme 1s applicable.

FIG. 8 1s a diagram showing an example of performing

CoMP. Referring to FIG. 8, a wireless communication
system 1ncludes a plurality of BSs BS1, BS2 and BS3 for

performing CoMP and a UE. The plurality of BSs BS1, BS2
and BS3 for performing CoMP may cooperate with each
other to efliciently transmit data to the UE. CoMP may be
largely divided into two schemes depending on whether a
BS for performing CoMP transmits data:

Joint processing (JP) (CoMP JP)

CoMP Cooperative scheduling/beamtorming (CoMP-CS/

CB)
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In CoMP-IP, data 1s stmultaneously transmitted from BSs
for performing CoMP to one UE and the UE combines the
signals received from the BSs to improve reception perfor-
mance. That 1s, a CoMP-JP scheme may use data in each
point (BS) of a CoMP unit. The CoMP unit refers to a set of
BSs used 1n the CoMP scheme. The JP scheme may be
classified into a joint transmission scheme and a dynamic
cell selection scheme.

The joint transmission scheme refers to a scheme for
simultaneously transmitting a PDSCH from a plurality of
points (a part or the whole of the CoMP unit). That 1s, data
transmitted to a single UE may be simultaneously transmit-
ted from a plurality of transmission points. According to the
joint transmission scheme, 1t 1s possible to coherently or
non-coherently improve the quality of the received signals
and to actively cancel interference with another UE.

The dynamic cell selection scheme refers to a scheme for
transmitting a PDSCH from one point (of the CoMP unait).
That 1s, data transmitted to a single UE at a specific time 1s
transmitted from one point and the other points of the CoMP
unit do not transmit data to the UE at that time. The point for
transmitting the data to the UE may be dynamaically selected.

In contrast, in CoMP-CS, data 1s transmitted from one BS
to one UE at an arbitrary time and scheduling or beamform-
ing 1s performed such that interference caused by another BS
1s minimized. That 1s, according to a CoMP-CS/CB scheme,
the CoMP units may cooperatively perform beamiorming of
data transmission to a single UE. Although only a serving
cell transmits the data, user scheduling/beamforming may be
determined by coordination among the cells of the CoMP
unit.

In uplink, coordinated multi-point reception refers to
reception of a transmitted signal by coordination among a
plurality of geographically separated points. CoMP schemes
applicable to uplink may be classified into Joint Reception
(JR) and Coordinated Scheduling/Beamiorming (CS/CB).

JR 1ndicates that a plurality of reception points receives a
signal transmitted through a PUSCH, the CS/CB scheme
indicates that only one point receives a PUSCH, and user
scheduling/beamforming 1s determined by coordination
among the cells of the CoMP uniat.

Hereinatter, interference among a plurality of cells will be
described.

If two BSs (e.g., BS #1 and BS #2) are adjacently
arranged, that 1s, 11 coverages of two BSs partially overlap,
interference may be caused i a UE served by one BS due
to a strong downlink signal from another BS. When inter-
cell interference 1s caused, inter-cell interference may be
reduced via an ter-cell cooperative signaling method
between two BSs. In various embodiments of the present
invention described below, assume that signal transmission
and reception are properly performed between two BSs
which iterfere with each other. For example, assume that a
wired/wireless link (e.g., a backhaul link or a Un interface)
having good transmission conditions such as transmission
bandwidth or time delay 1s present between two BSs and
reliability of transmission and reception of a cooperative
signal between the BSs 1s high. In addition, assume that,
when time synchronization between the two BSs 1s per-
formed within an allowable error range (e.g., boundaries of
downlink subirames of the two BSs interfering with each
other are aligned), the two BSs clearly recognize an offset
between the subirame boundaries of the two BSs.

Referring to FIG. 8 again, BS #1 may be a macro BS for
providing a service 1 a wide region with high transmit
power and BS #2 may be a micro BS (e.g., a pico BS) for
providing a service in a narrow region with low transmit
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power. As shown in FIG. 8, if a UE, which 1s located at a cell
edge of BS #2 and 1s served by BS #2, receives strong
interference from BS #1, 1t may be dificult to efliciently
perform communication without appropriate cooperation
between cells.

In particular, 11 a large number of UEs 1s connected to BS
#2 as a micro BS with low power to distribute load of BS #1
as a macro BS for providing a service, a likelthood of
inter-cell interference 1s high. For example, when the UE
selects a serving BS, a predetermined conditioning (bias)
value may be added to receive power from the micro BS and
may not be added to receive power from the macro BS to
calculate and compare receive powers of the downlink
signals from the respective BSs and, as a result, the UE may
select a BS for providing highest downlink receive power as
a serving BS. Therefore, more UEs may be connected to the
micro BS. In the strength of the downlink signal actually
received by the UE, even when the strength of the downlink
signal received from the macro BS 1s significantly stronger,
the micro BS may be selected as the serving BS and the UE
connected to the micro BS may experience strong interier-
ence from the macro BS. In this case, UEs located at the
edge of the micro BS may not accurately perform operation
due to strong interiference from the macro BS, without
inter-cell cooperation.

In order to efliciently perform operation even when inter-
cell mnterference 1s present, appropriate cooperation between
two BSs which exchange inter-cell interference should be
performed and a signal for enabling such cooperation may
be transmitted and received via a link between the two BSs.
In this case, when inter-cell interference occurs between the
macro BS and the micro BS, the macro BS may control
inter-cell cooperation and the micro BS may perform appro-
priate operation according to a cooperative signal indicated
by the macro BS.

The above-described inter-cell interference situation 1s
only exemplary and the embodiments of the present inven-
tion are equally applicable to other inter-cell interference
situations (e.g., when inter-cell interference occurs between
an HeNB of a CSG scheme and a macro BS of an OSG
scheme, when a micro BS causes interference and a macro
BS receives interference or when inter-cell interference 1s
present between micro BSs or macro BSs.

Based on the above description, the present mmvention
proposes a method of efliciently performing transmission/
reception of a control channel when use of radio resources
1s dynamically changed according to system load states of a
plurality of cells.

Here, the control channel includes a legacy physical

downlink control channel (PDCCH) and an enhanced
PDCCH (EPDCCH) transmitted in a legacy physical down-
link shared channel (PDSCH) region. In addition, the
PDSCH region 1s defined as a region composed of OFDM
symbols other than the first some OFDM symbols used for
(legacy) PDCCH transmission 1n a subiframe composed of a
plurality of OFDM symbols. As another example, OFDM
symbols used for PDCCH transmission are not present and
thus all OFDM symbols of the subframe may be used as a
PDSCH region.

Herematter, for convenience of description, the present
invention will be described based on a 3GPP LTE system.
However, the range of the systems to which the present
invention 1s applicable may be extended to other systems 1n
addition to the 3GPP LTE system. The embodiments of the
present mvention are applicable to the case i which
resources on a specific cell (or a component carrier (CC)) are
dynamically changed according to the system load state 1n
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an environment to which carrier aggregation (CA) 1s
applied. In addition, the embodiments of the present inven-
tion are applicable to the case 1 which use of radio
resources 1s dynamically changed 1n a TDD system or an
FDD system. Hereinafter, for convenience of description of
the present invention, assume that cells dynamically change
use of radio resources according to the system load states
thereol 1n a TDD system.

FIG. 9 shows the case in which, as the amount of
downlink load has been increased, a specific cell uses some
of legacy uplink subirames for downlink communication 1n
a ' TDD system environment. In FIG. 9, assume that a legacy

uplink-downlink configuration configured via a system
information block (SIB) signal 1s uplink-downlink #0 (that

1s, DSUUUDSUUU), and a BS notifies a UE of information
about uplink subirames (that 1s, SF #(n+3), SF #(n+8)), the
use of which has been changed, via a predefined signal (e.g.,
1) an RRC signal, 11) an SIB signal or 111) a physical
control/data channel).

As an embodiment of the present invention, the UE may
be configured not to perform blind decoding (BD) with
respect to a common search space (CSS) on a control
channel 1n an uplink subframe, the use of which has been
changed.

Such a method may be valid when a predefined specific
reference signal (e.g., CRS) used for blind decoding opera-
tion of the CSS 1s not transmitted on the uplink subirame,
use of which has been changed. For example, the CRS may
not to be transmitted on the uplink subirame, use of which
has been changed, in order to reduce interference due to
CRS transmission 1n communication of a neighboring cell
which uses the resource as a legacy uplink resource.

More specifically, if the uplink subframe, use of which has
been changed, 1s configured as an EPDCCH monitoring,
subirame, the UE performs blind decoding with respect to
the CSS 1n the legacy PDCCH region based on the CRS and
performs blind decoding with respect to a UE-specific
search space (USS) mm an EPDCCH region based on a
DM-RS. However, when CRS transmission 1s not performed
on the uplink subframe, use of which has been changed (in
order to reduce inter-cell interference), the UE may not
perform BD operation with respect to the CSS on the legacy
PDCCH.

Accordingly, the BS may instruct the UE not to perform
CRS based CSS blind decoding on the legacy PDCCH 1n the
uplink subframe, use of which has been changed, via a
predefined signal (e.g., a physical layer or higher layer
signal) or implicitly disable CRS based CSS blind decoding
on the legacy PDCCH 1n the uplink subirame, use of which
has been changed when CRS transmission 1s not performed
on the uplink subirame, use of which has been changed,
according to a predefined rule. Alternatively, whether CSS
blind decoding is performed on the legacy PDCCH 1n the
uplink subirame, use of which has been changed, may be
implicitly checked by the UE depending on whether a
specific reference signal (e.g., CRS) used for CSS blind
decoding 1s transmitted 1n the uplink subirame, use of which
has been changed, without transmitting, from the BS, an
additional signal indicating that CSS blind decoding 1s not
performed.

Further, the present invention 1s applicable in a manner of
enabling the UE to restrictively perform only USS blind
decoding 1n the EPDCCH region 1n the uplink subirame, use
of which has been changed. In addition, the present inven-

tion 1s applicable to the case in which the CSS i1s 1mple-
mented in the PDCCH region based on the CRS or the

EPDCCH region based on the CRS (that is, the present
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invention 1s not applicable to the case 1n which the CSS 1s
implemented 1n the EPDCCH region based on the DM-RS).

As another embodiment of the present invention, when a
specific reference signal used for blind decoding of the CSS
1s not transmitted in the uplink subirame, use of which has
been changed, and thus blind decoding operation of the CSS
on the control channel is not performed, (exceptively) some
or all of the numbers of times of blind decoding of the legacy
CSS may be configured to be reassigned as the number of
times of blind decoding of the USS 1n the uplink subirame,
use of which has been changed.

Reassigning some or all of the numbers of times of CSS
blind decoding as the number of times of USS blind decod-
ing may be performed by a predefined configuration. Here,
the cell may notily the UE of configurations related to
reassignment of the number of times of blind decoding via
a predefined signal (e.g., a physical layer or higher layer
signal) or enable the UE to confirm information about
reassignment ol the number of times of blind decoding
based on predefined configurations.

Alternatively, configurations related to reassignment of
the number of times of blind decoding may be restrictively
applicable only when some or all of 1) the type of a DCI
format monitored by the UE, 11) the type of a transmission
mode, 111) whether a total number of resource elements
(REs) used for control information transmission on an
EPDCCH set 1n which a USS 1s implemented 1s greater than
a predefined threshold (e.g., 104), 1v) the type of cyclic
prefix (CP), v) the type ol a subirame (e.g., normal/ex-
tended/special subiframe), v1) the type of a special subirame
configuration, vi1) whether system bandwidth 1s greater than
a predefined threshold (e.g., 25 RBs) and/or vin) the type of
an EPDCCH set in which a USS i1s implemented (e.g.,
localized/distributed EPDCCH set).

Accordingly, as an embodiment of reassignment of the
number of times of blind decoding according to the present
invention, reassignment of the number of times of blind
decoding may be configured to be restrictively performed at
the same aggregation level (AL).

In a normal subiframe (normal CP) or special subirame
configuration #3/4/8 (normal CP) environment, when a total
number of REs used for control information transmission on
an EPDCCH set 1n which a USS 1s implemented 1s less than
a predefined threshold (e.g., 104) or when system bandwidth
1s equal to or greater than a predefined threshold (e.g., 25
RB s) and, at the same time, a DCI format monitored by the
UE 1s DCI format 2 series, a mimmum aggregation level at
which USS blind decoding operation of the UE 1s performed
on the EPDCCH set 1s increased to 2. In this case, as another
embodiment, the number of times of CSS blind decoding at
a specific aggregation level may be reassigned as the number
of times of USS blind decoding at a specific aggregation
level according to a predefined rule.

As a detailed example, when the UE performs USS blind
decoding at aggregation level {2, 4, 8, 16, 31} (that is, blind
decoding configurations {8, 4, 2, 1, 0} at AL {2, 4, 8, 16,
32}) on the distributed EPDCCH set defined by four PRB
pairs, the number of times of CSS blind decoding at aggre-
gation level {4, 8} in the CSS (that is, blind decoding
configurations {4, 2} at AL {4, 8}) may be configured to be
reassigned as the number of times of blind decoding at
aggregation level {8, 16} in the USS. That is, if the
minimum aggregation level (AL) of the number of times of
USS blind decoding on the EPDCCH set 15 set to 2, the

number of times of blind decoding 1s reassigned between
“AL N*2” on the EPDCCH set and “AL N” 1in the CSS. As

another example, 11 the mimimum aggregation level (AL) of
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the number of times of USS blind decoding on the EPDCCH
set 1s set to 2, the number of times of blind decoding 1s
reassigned between “AL N/2” on the EPDCCH set and “AL
N’ 1n the CSS.

In the above-described embodiments of the present inven-

tion, not only the condition that the minimum aggregation
level of the USS blind decoding operation of the UE on the
EPDCCH set on which the USS 1s implemented but also
some of the conditions including 1) the type of a DCI format
monitored by the UE, 11) the type of a transmission mode, 111)
the type of cyclic prefix (CP), 1v) the type of a subirame
(c.g., normal/extended/special subirame), v) the type of a

special subirame configuration, vi) whether system band-
width 1s greater than a predefined threshold (e.g., 25 RBs)

and/or vi1) the type of an EPDCCH set 1n which a USS 1s
implemented (e.g., localized/distributed EPDCCH set) are
turther considered such that the number of times of CSS
blind decoding at a specific aggregation level 1s configured
to be reassigned as the number of times of USS blind
decoding at a specific aggregation level.

In addition, 1n the present invention, additionally, 11 the
number of times of USS blind decoding at the specific
agoregation level exceeds a maximum number of times of
blind decoding at the aggregation level due to reassignment
of the number of times of CSS blind decoding, the remaining
number of times of blind decoding exceeding the maximum
number of times of blind decoding may be configured to be
omitted.

Alternatively, if the number of times of USS blind decod-
ing at the specific aggregation level exceeds the maximum
number of times of blind decoding at the aggregation level
due to reassignment of the number of times of CSS blind
decoding, exceptively, the remaining number of times of
blind decoding may be configured to be sequentially and
maximally assigned starting from the predefined specific
aggregation level of the USS. For example, the remaining
number of times of blind decoding may be sequentially and
maximally assigned starting from a lowest aggregation level
in ascending order or starting from a highest aggregation
level 1n descending order. In particular, the number of times
of blind decoding left even after assignment 1s sequentially
performed starting from the specific aggregation level may
be configured to be omitted. For example, the maximum
number of times of USS blind decoding at the specific
aggregation level on the EPDCCH set may be limited to a
maximum number of EPDCCH candidates at the specific
aggregation level, which may be derived from the EPDCCH
set. For example, 11 a specific EPDCCH set defined by two
PRB pairs 1s composed of a total of eight ECCEs, the
maximum number of times of blind decoding of the aggre-
gation level 1n the EPDCCH set becomes a total of 4 (that
1s, 4x2 ECCEs=8 ECCEs). Accordingly, four times of blind
decoding may be assigned to the aggregation level 2 and
then the remaining number of times of blind decoding may
be assigned to another aggregation level.

In addition, as a second embodiment of reassignment of
the number of times of blind decoding of the present
invention, the numbers of times of CSS blind decoding to be
reassigned may be preferentially combined without distinc-
tion of aggregation level thereof and then be reassigned as
the numbers of times of USS blind decoding at specific
aggregation levels. Here, the combined number of times of
CSS blind decoding may be configured to be sequentially
and maximally assigned starting from a predefined specific
aggregation level of the USS. For example, the combined
number of times of CSS blind decoding 1s maximally
assigned starting from a lowest aggregation level 1n ascend-
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ing order or starting from a highest aggregation level 1n
descending order. In addition, the number of times of blind
decoding left (unassigned) after applying the present inven-
tion may be configured to be omitted.

In addition, whether the combined number of times of
CSS blind decoding 1s sequentially (e.g., in ascending order
or 1mn descending order) and maximally assigned starting
from a predefined relatively high aggregation level of the
USS or 1s sequentially (e.g., mn ascending order or in
descending order) and maximally assigned starting from a
predefined relatively low aggregation level may be config-
ured to be defined according to the type (e.g., localized/
distributed EPDCCH set) of the EPDCCH set in which the
USS 1s implemented. Here, 11 the USS 1s implemented 1n the
distributed EPDCCH set, the combined number of times of
CSS blind decoding 1s sequentially (e.g., 1n ascending order
or mn descending order) and maximally assigned starting
from a predefined relatively high aggregation level of the
USS, but, if the USS 1s implemented in the localized
EPDCCH set, the combined number of times of CSS blind
decoding 1s sequentially (e.g., 1n ascending order or 1in
descending order) and maximally assigned starting from a
predefined relatively low aggregation level.

Additionally, 1n addition to the condition on the type of
the EPDCCH set 1n which the USS 1s implemented, some of
the predefined conditions including 1) the type of a DCI
format momitored by the UE, 11) the type of a transmission
mode, 1) whether a total number of resource elements
(REs) used for control information transmission on an
EPDCCH set in which a USS 1s implemented 1s greater than
a predefined threshold (e.g., 104), 1v) the type of cyclic
prefix (CP), v) the type of a subirame (e.g., normal/ex-
tended/special subiframe) and vi) the type of a special
subirame configuration, vi1) whether system bandwidth 1s
greater than a predefined threshold (e.g., 25 RBs) are further
considered. Accordingly, the combined number of times of
CSS blind decoding may be set to be sequentially (e.g., 1n
ascending order or in descending order) and maximally
assigned starting from a predefined relatively high aggrega-
tion level or starting from a predefined relatively low
aggregation level based on the additional conditions.

In addition, all examples according to the second embodi-
ment for reassignment of the number of times of blind
decoding of the present invention are applicable to the case
in which the remaining number of times of blind decoding
1s sequentially and maximally assigned starting from the
predefined specific aggregation level of the USS in the first
embodiment for reassignment of the number of times of
blind decoding. For example, the second embodiment 1s
applicable to the case 1n which the number of numbers of
blind decoding 1s maximally assigned starting from a lowest
aggregation level 1n ascending order or the case 1n which the
number of numbers of blind decoding 1s maximally assigned
starting from a highest aggregation level in descending
order.

In the present invention, when a specific reference signal
used for blind decoding of the CSS 1s not transmitted on the
uplink subirame, use of which has been changed, and thus
blind decoding operation of the CSS on the control channel
1s configured not to be performed, exceptively, some or all
of the numbers of times of blind decoding of the legacy CSS
may be configured to be omitted 1n the uplink subirame, use
of which has been changed.

For example, the cell may notify the UE of information
about operation for omitting the number of times of CSS
blind decoding via a predefined signal (e.g., a physical layer
or higher layer signal) or enable the UE to implicitly confirm
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information about configurations related to operation for
omitting the number of times of CSS blind decoding based
on a predefined rule. As another example, whether the
number of times of CSS blind decoding in the uplink
subirame, use of which has been changed, 1s omitted may be
implicitly confirmed by the UE, depending on whether a
specific reference signal (e.g., CRS) used for CSS blind
decoding 1s transmitted on the uplink subirame, use of which
has been changed, without transmitting, from the BS, an
additional signal indicating that the number of times of CSS
blind decoding 1s omuitted.

In the present invention, the uplink subirame, use of
which has been changed, may be configured to be regarded
as a subiframe on which USS monitoring operation 1s always

performed on the EPDCCH. Such configurations are par-
ticularly eflicient when the CRS used for USS/CSS blind
decoding operation on the legacy PDCCH 1is not transmitted
on the uplink subirame, use of which has been changed.
Further, the cell may notily the UE of whether the above
configurations are applied or of mnformation about the posi-
tions (times) of the subirames to which the configurations
are applied via a predefined signal (e.g., a physical layer or
higher layer signal) or enable the UE to implicitly confirm
the above configurations based on a predefined rule. Alter-
natively, whether the above configurations are applied or the
information about the positions (times) of the subirames to
which the configurations are applied may be set to be
implicitly confirmed by the UE depending on whether a
specific reference signal (e.g., CRS) used for USS/CSS blind
decoding operation 1s transmitted on the uplink subirame,
use of which has been changed, without transmitting an
additional signal (for regarding the uplink subirame, use of
which has been changed, as a subirame in which USS
monitoring operation on the EPDCCH 1s always performed)
from the BS.

In addition, nterference attributes (or interference
strengths) recerved on the uplink subirames, use of which
has been changed, of a specific cell may not be constant per
uplink subirame, use of which has been changed, due to
independent radio resource use change operation of neigh-
boring cells. Accordingly, in the embodiment of the present
invention, the type (e.g., localized/distributed EPDCCH set)
of the EPDCCH set transmitted on the uplink subirame, use
of which has been changed, may be restricted to a specific
type.

In an environment 1 which interference attributes (or
interiference strengths) are severely changed, the distributed
EPDCCH type transmitted using a random beamiorming
method may have higher reliability than that of the localized
EPDCCH type transmitted using a beamforming method. In
addition, 1n a subirame statically used for a downlink, since
interference of a neighboring cell 1s constant (or static), the
localized EPDCCH type for beamforming 1s used, but, in a
dynamically changed downlink subiframe, since interference
ol a neighboring cell 1s dynamically changed, the distributed
EPDCCH type 1s used. Accordingly, in the uplink subirame,
use of which has been changed, only the distributed EPD-
CCH set type may be set to be transmitted.

Further, the cell may notity the UE of information as to
whether the above configurations (of the type of the EPD-
CCH set transmitted on the changed uplink subiframe) are
applied or of information about the positions (times) of the
subirames, to which the above configurations are applied,
via a predefined signal (e.g., a physical layer or higher layer
signal) or enable the UE to mmplicitly confirm such infor-
mation based on a predefined rule. As another example, on
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the uplink subirame, use of which has been changed, only
the localized EPDCCH set type may be configured to be
transmitted.

In addition, 1n the present invention, 1n the uplink sub-
frame, use of which has been changed, specific data trans-
mission schemes (or specific transmission modes) based on
DCI 1A may be configured not to be used. Such configu-
rations are particularly etlicient when the CRS 1s not trans-
mitted on the uplink subirame, use of which has been
changed. That 1s, among the data transmission schemes
based on DCI 1A, a transmit diversity method requiring
CRS-based decoding operation and/or a single-antenna port
method may be configured to be unsupported 1n the uplink
subirame, use of which has been changed.

In addition, 1n the present invention, 1n the uplink sub-
frame, use of which has been, all data transmission schemes
based on DCI 1A and all data transmission schemes (or
transmission modes) requiring CRS based decoding opera-
tion may not be supported. Such schemes may be eflicient
when the CRS 1s not transmitted on the uplink subirame, use
of which has been changed. That 1s, among the data trans-
mission schemes based on DCI 1A, a transmit diversity
method requiring CRS-based decoding operation (and/or a
single-antenna port method) may be configured to be unsup-
ported 1n the uplink subirame, use of which has been
changed. Here, for example, if the data transmission
schemes (or transmission modes based on DCI 1A are
configured to be unsupported 1n the uplink subiframe, use of
which has been changed, the BS may notily the UE of
information related thereto via a predefined signal, thereby
reducing an error (false alarm) probability for detection of
DCI 1A from a USS/CSS.

Additionally, in the uplink subirame, use of which has
been changed, only data transmission schemes (or transmis-
sion modes) requiring decoding operation based on a refer-
ence signal (e.g., a DRS or DM-RS) other than a CRS may
be configured to be supported. For example, although trans-
mission mode 4 (that 1s, transmission mode requiring CRS-
based decoding operation (that 1s, a transmit diversity
scheme)) was previously configured for data transmission on
a downlink subirame, the UE may regard transmission mode
9 (that 1s, a transmission mode requiring decoding operation
based on a DM-RS, not based on a CRS) as being applied
on the uplink subirame, use of which has been changed.
Therefore, the respective transmission modes (or data trans-
mission schemes) of the downlink subirame on the SIB
applied by the UE and the uplink subirame, use of which has
been changed, may not be i1dentical.

Further, the cell may notify the UE of information as to
whether the above configurations (of the specific data trans-
mission schemes (or the specific transmission modes)) are
applied or of information about the positions (times) of the
subirames, to which the above configurations are applied,
via a predefined signal (e.g., a physical layer or higher layer
signal) or enable the UE to implicitly confirm such infor-
mation based on a predefined rule. Alternatively, the BS may
ecnable the UE to implicitly confirm whether the above
configurations (ol the specific data transmission schemes (or
the specific transmission modes)) are applied or of informa-
tion about the positions (times) of the subframes, to which
the above configurations are applied, depending on whether
a CRS 1s transmitted on the uplink subirame, use of which
has been changed, without additional signal transmission
from the BS.

In addition, in the present invention, in the uplink sub-
frame, use of which has been changed, specific data trans-
mission schemes based on a semi-persistent scheduling
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(SPS) method (or specific SPS transmission modes) may be
configured to be not performed. Such configurations are
particularly eflicient 1) when radio resource use change
periodicity 1s relatively short so as not to support stable SPS
operation (e.g., SPS HARQ timeline), 1) when interference
attributes (or interference strengths) received on the uplink
subirames, use of which has been changed, are not constant
so as not to guarantee stable SPS data transmission, or 111)
when a CRS 1s configured to be not transmitted 1n the uplink
subirame, use of which has been changed, so as not to
support methods requiring CRS-based decoding operation
among the SPS data transmission schemes (or specific SPS
transmission modes). For example, ii the specific data
transmission schemes (or specific SPS transmission modes)
of the SPS method are configured to be unsupported 1n the
uplink subirame, use of which has been changed, the BS
may notily the UE of information related thereto via a
predefined signal to reduce an error (that 1s, false alarm)
probability for SPS C-RNTI detection from a USS/CSS.
Additionally, in the uplink subirame, use of which has been
changed, only the specific data transmission schemes of the
SPS methods (or the specific SPS transmission modes)
requiring decoding operation based on a reference signal
(e.g., a DRS or DM-RS), not based on a CRS, may be
configured to be supported.

Further, the cell may notity the UE of information as to
whether the above configurations (as to whether the specific
data transmission schemes of the SPS method (or the
specific transmission modes) are performed in the uplink
subirame, use of which has been) are applied or of infor-
mation about the positions (times) of the subirames, to
which the above configurations are applied, via a predefined
signal (e.g., a physical layer or higher layer signal) or enable
the UE to implicitly confirm such information based on a
predefined rule. Alternatively, the BS may enable the UE to
implicitly confirm whether the above configurations (as to
whether the specific data transmission schemes of the SPS
method (or the specific transmission modes) are performed
in the uplink subirame, use of which has been changed) are
applied or of information about the positions (times) of the
subiframes, to which the above configurations are applied,
depending on whether a CRS 1s transmitted on the uplink
subiframe, use of which has been changed, without addi-
tional signal transmission from the BS.

Additionally, 1f the CRS 1s not transmitted in the uplink
subirame, use of which has been changed, 1n the present
invention, a PBCH, an SIB and/or a random access response
(RAR) message requiring CRS-based decoding operation
may not be transmitted on the uplink subirame, use of which
has been changed.

In the present invention, 1) CRS/CSI-RS rate matching
information, 11) resource element (RE) mapping informa-
tion, 111) DM-RS rate matching information and/or 1v) start
symbol position information of a control channel (e.g.,
EPDCCH set) transmitted on a legacy downlink subirame
and an uplink subirame, use of which has been changed may
be mndependently defined.

Here, the legacy downlink subiframe may restrictively
mean subirames designated as downlink subframes on SIB
information or subirames used for downlink communication
without change of use among subirames designated as
downlink subirames on SIB information. Such configura-
tions are eflicient when the types of the reference signals
respectively transmitted on the legacy downlink subirame
and the uplink subirame, use of which has been changed, are
different. For example, 1 the CRS 1s configured to be not
transmitted on the uplink subirame, use of which has been
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changed, rate matching information considering CRS trans-
mission of the serving cell for the EPDCCH set transmitted
on the (uplink) subirame, use of which has been changed, or
rate matching information considering CRS interference
avoildance operation of the neighboring cell may be invalid.

In addition, 1f the CRS 1s configured to be not transmitted
on the uplink subirame, use of which has been changed,
since a PDCCH requiring CRS-based decoding operation 1s
not transmitted on the (uplink) subframe, use of which has
been changed, EPDCCH set start symbol position informa-
tion considering PDCCH transmission may be invalid. In
this case, the EPDCCH set start symbol position may be
defined as a first OFDM symbol of a subirame.

For example, the cell may notity the UE of 1) CRS/CSI-
RS rate matching information, 11) resource element mapping
information, 111) DM-RS rate matching information and/or
1v) start symbol position mformation defined on the uplink
subirame, use of which has been changed, independent of
the legacy downlink subirame via a predefined signal (e.g.,
a physical layer or higher layer signal) or v) enable the UE
to 1implicitly confirm such information based on predefined
configurations. Alternatively, such information may be con-
figured to be implicitly confirmed depending on whether a
specific reference signal (e.g., a CRS) 1s transmitted on the
uplink subframe, use of which has been changed, without
additional signal transmission from the BS.

Additionally, 1f the specific reference signal (e.g., the
CRS) 1s not transmitted on the uplink subiframe, use of
which has been changed, the number of REs available for
EPDCCH transmission may be greater than that of the
legacy downlink subirame on which the specific reference
signal (e.g., the CRS) 1s transmitted. Accordingly, 1n the
present mvention, a threshold of the number of REs avail-
able for EPDCCH transmission on one PRB pair (used to
determine a minimum aggregation level in the search
region) may be independently designated for the uplink
subirame, use of which has been changed.

In addition, 1f the specific reference signal (e.g., the CRS)
1s not transmitted on the uplink subirame, use of which has
been changed, inter-cell interference attributes of that sub-
frame may be different from those of the legacy downlink
subframe on which the specific reference signal (e.g., the
CRS) 1s transmitted. Accordingly, in the present invention,
a data/control channel (e.g., PDSCH/EPDCCH) related
interference avoidance method for an uplink subirame, use
of which has been changed, may be defined differently from
or independently of the legacy downlink subirame in con-
sideration of different interference attributes in the uplink
subirame, use of which has been changed.

In the present invention, at least one of the size/position/
number of control channels (e.g., EPDCCH sets) transmitted
on a legacy downlink subiframe and an uplink subframe, use
of which has been changed may be configured to be 1nde-
pendently defined 1n the legacy downlink subframe and the
uplink subframe, use of which has been changed. Such
configurations are particularly efficient when bandwidth (or
the number of resource blocks (RBs)) used for data/control
information transmission 1s differently defined on the legacy
downlink subirame and the uplink subirame, use of which
has been changed. This 1s because, 1n order to guarantee
stable communication of a legacy UE on the uplink sub-
frame, use of which has been changed, and reliable com-
munication based on accurate channel information, uplink
control information (e.g., UL ACK/NCK, CQI/RI/PMI, etc.)
transmission operation of a serving cell 1s maintained such
that bandwidth used for actual data transmission on the
uplink subframe, use of which has been changed, (e.g.,
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relatively small bandwidth) may be defined differently from
that of the legacy downlink subframe.

Accordingly, 1n consideration of relatively small band-
width used for actual data/control information transmission
on the uplink subirame, use of which has been changed,

information about 1) the number of PRB pairs configuring an
EPDCCH set, 11) the positions of the PRB pairs in which the

EPDCCH set 1s configured, and/or 111) the number of EPD-
CCH sets may be configured differently from or indepen-
dently of the legacy downlink subirame. For example, on the
uplink subirame, use of which has been changed, 1) PRB
pairs configuring EPDCCH sets relatively less 1n number
than the number of PRB pairs configuring EPDCCH sets on
the legacy uplink subframe may be configured and/or 1) a
relatively small number of EPDCCH sets and/or 111) the
positions of the PRB pairs in which the EPDCCH sets
considering relatively small bandwidth are configured may
be configured.

In addition, 1n the present invention, since ICIC regions
for the frequency resource region may be diflerently con-
figured 1n a subiframe used for downlink and a subiframe used
for uplink by a neighboring cell, the positions of the EPD-
CCH sets may be differently configured. For example, the
cell may notify the UE of information about at least one of
the size/position/number of control channels (e.g., EPDCCH
sets) defined independently of the legacy downlink subirame
on the uplink subirame, use of which has been changed, via
a predefined signal (e.g., a physical layer or higher layer
signal) or enable the UE to implicitly confirm such infor-
mation based on a predefined rule.

In addition, according to the present invention, configu-
ration information of the EPDCCH sets (e.g., the number of
PRB pairs conﬁguring the EPDCCH sets, the positions of
the PRB pairs in which the EPDCCH sets are configured
and/or the number of EPDCCH sets) may be differently
defined according to subframe type.

Here, the subirame type may be defined as a static
subiframe and a flexible subirame. More specifically, the
tflexible subframe may be defined as a subirame (re-)used for
a purpose different from that of an uplink-downlink (UL-
DL) configuration on a legacy SIB, a subirame (re-)used for
a purpose different from that of a subirame configured in a
previous reconfiguration period or a subirame (re-)used for
a purpose different from that of a reference HARQ timeline.
In contrast, the static subframe may be defined as a subiframe
(re-)used for the same purpose as an uplink-downlink (UL-
DL) configuration on an SIB, a subirame (re-)used for the
same purpose as a subirame conﬁgured 1 a Previous recon-
figuration period or a sublirame (re-)used for the same
purpose as a reference HARQ timeline.

In particular, a reference downlink/uplink HARQ timeline
(that 1s, a HARQ timeline configured for a purpose of
maintaining a stable HARQ timeline regardless of (re-)
change of a UL-DL configuration) may be defined as 1) a
downlink/uplink HARQ timeline of a UL-DL configuration
including a union of downlink subiframes/an intersection of
uplink subirames of reconfigurable UL-DL configuration
candidates or 1) a downlink/uplink HARQ timeline of a
UL-DL configuration including an intersection of downlink
subirames/a union of uplink subirames of reconfigurable
UL-DL configuration candidates.

Accordingly, 1n the present invention, for a specific sub-
frame type, a plurality of EPDCCH set configuration infor-
mation may be signaled via a predefined signal (e.g., a
higher layer signal (e.g., RRC) or which EPDCCH set 1s
used may be indicated via an additional predefined signal
(e.g., a physical layer signal (e.g., a (E)PDCCH, MAC) or a
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higher layer signal). Here, some or all of the plurality of
EPDCCH set configuration information may be defined as 1)
the number of PRB pairs, 11) the PRB pair positions, 111)
virtual cell identifiers (IDs) and/or 1v) antenna port configu-
rations. Further, such configurations may be restrictively
applied to a set of flexible subirames (e.g., a set of flexible
downlink subirames).

This 1s because interference properties on the flexible
frame may be changed depending on use of the subirame by
the neighboring cell. For example, the type of interference
from the neighboring cell (e.g., interference caused by
downlink/uplink communication of the neighboring cell) or
the resource position where interference is received from the
neighboring cell (interference occurs i1n consecutive RBs
when the neighboring cell uses that subirame for uplink
communication) may be changed depending use of the
subirame by the neighboring cell.

In addition, the serving cell may adaptively configure
EPDCCH sets advantageous in interference avoidance
according to change in interference properties on the flexible
subirame by applying the above-described method.

Additionally, 1n such an embodiment (that 1s, indicating
whether a specific EPDCCH set 1s used), validation of a
plurality of pre-configured EPDCCH sets may be interpreted
as being associated with a reconfiguration message. Here,
validation of a specific EPDCCH set (among the plurality of
pre-configured EPDCCH sets) may be configured to be
determined via a predefined field (or bits) included 1 a
reconflguration message or 1n association with specific UL-
DL (re)configuration mformation according to a predefined
rule.

As another example, a static subirame set (e.g., a static
downlink subirame set) may be configured based on EPD-
CCH monitoring configuration information configured via a
higher layer signal (e.g., RRC signaling) equally to a legacy
method (that 1s, a previous method including 3GPP LTE
release 11). In this case, the EPDCCH monitoring configu-
ration 1s composed of one or two EPDCCH sets and a given
number of times of blind decoding may be defined to be
applied to one or more EPDCCH sets. Such an embodiment
1s efliciently used to prevent ambiguity of the EPDCCH set
configuration or the EPDCCH monitoring configuration
when the UE performs predefined fallback mode operation
(for example, when fallback operation i1s performed with a
UL-DL configuration on an SIB to perform communication,
due to reception failure of a reconfiguration message). In
addition, such an embodiment 1s eflicient because a possi-
bility that interference properties on the static subirame are
more constant than those of the flexible subirame is high.

In addition, 1n the present invention, UL-DL configuration
information may be configured to be indicated per transmis-
sion point (TP) (or cell) via a predefined format or signal.
Here, for RRM/RLM/CSI measurement operation per trans-
mission point (or cell) of the UE, (some or all) non-zero
power CSI-RS configuration information per transmission
point (or cell) may be differently configured and thus UL-DL
configuration imnformation may be defined according to non-
zero power CSI-RS configuration information.

Additionally, two EPDCCH sets are respectively config-
ured on different transmission points (or cells) and use of a
specific subirame 1s diflerently defined between transmis-
sion points (or cells) (e.g., TP #A uses the subirame for
downlink and TP #B uses the subirame for uplink at a
specific subiframe position), EPDCCH monitoring operation
of the UE needs to be defined on the specific subirame.
Accordingly, 1n such a situation, use of the specific subirame
may be configured to monitor only EPDCCH sets having
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quasi co-location (QCL) with a transmission point (or cell)
which uses the specific subirame as a downlink. In this case,
without dividing the number of times of blind decoding
(BD) for a specific aggregation level (AL) between two
EPCCH sets, only one EPDCCH may be regarded as being
configured and blind decoding operation (of the UE) 1n the
USS and/or CSS may be performed (based on the number of
times ol BD corresponding to the case in which one EPD-
CCH set 1s configured).

In addition, 1n the present invention, specific EPDCCH set
configuration information (e.g., the number of PRB pairs
configuring EPDCCH sets, positions of the PRB pairs 1n
which the EPDCCH sets are configured and/or the number
of EPDCCH sets) may be previously linked to a downlink
subirame/uplink subiframe combination (or uplink-downlink
configuration combination) of each transmission point (or
cell) and EPDCCH monitoring may be configured to per-
tformed according to the linked EPDCCH set configuration
information 1 which transmaission point (or cell) 1s for a
downlink or uplink 1s determined via a reconfiguration
message.

For example, a rule for previously linking 1) CSI-RS
measurement related configuration information, 1) interfer-
ence measurement resource (IMR) related configuration
information and/or 111) PQI status (e.g., the number of CRS
antenna ports for PDSCH RE mapping), CRS frequency
shift for PDSCH RE mapping), MBSFN subirame configu-
ration for PDSCH RE mapping, zero power CSI-RS
resource configuration for PDSCH RE mapping, PDSCH
starting position for PDSCH RE mapping, CSI-RS resource
configuration i1dentity for PDSCH RE mapping) interpreta-
tion related configuration information to a downlink sub-
frame/uplink subirame combination (or uplink-downlink
configuration combination) of each transmission point (or
cell) and following the linked configuration information 1f
which transmission point (or cell) 1s for a downlink or uplink
1s determined via a reconfiguration message may be config-
ured. Additionally, this method is restrictively applied to a
specific subiframe type (e.g., a tlexible subirame type).

As another embodiment of the present invention, when
use of radio resources on a specific cell (or a component
carrier) 1s dynamically changed 1n an environment to which
a carrier aggregation (CA) scheme 1s applied, cross carrier
scheduling (CCS) operation from a control channel (e.g., an
EPDCCH or a PDCCH) transmitted on uplink subframes,
use of which has been changed, may be configured to be
unsupported. Such a configuration 1s eflicient when inter-
ference attributes (or interference strengths) received on the
uplink subirames, use of which has been changed, are not
constant so as not to guarantee stable CCS operation or when
the specific subiframe used for a downlink 1s not statically (or
semi-statically) maintained. For example, when CCS from
the control channel 1s not supported on the uplink subirames,
use of which has been changed, although CCS operation
from the control channel (e.g., the EPDCCH or PDCCH)
transmitted on the legacy downlink subirame (or the down-
link subirame, use of which 1s fixed) of a specific cell 1s
supported, CCS operation may not be supported only 1n the
uplink subirames, use of which has been changed, of the
cell.

In addition, when CCS operation from the control channel
(e.g., the EPDCCH or PDCCH) transmitted on the uplink
subirames, use of which has been changed (or the subirames
configured to be used for a downlink based on dynamic use
change operation) 1s configured to be unsupported according
to the present mvention, automatic switching may be per-
formed using a self scheduling scheme on the uplink sub-
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frames, use of which has been changed (or the subirames
configured to be used for a downlink based on dynamic use
change operation). For example, the cell may notify the UE
ol information as to whether the above-described configu-
ration 1s applied or information about the positions (times)
of the subirames, to which the configuration 1s applied, via
a predefined signal (e.g., a physical layer or higher layer
signal) or enable the UE to implicitly confirm such infor-
mation based on a predefined rule.

As another embodiment of the present invention, QCL
assumption for an EPDCCH set may be differently defined
according to subiframe types. Here, subiframe types may be
divided 1into a legacy downlink subirame type and an uplink
subirame type, use of which has been changed, or a down-
link subirame type on an SIB and a subirame type which 1s
a (legacy) uplink subiframe on an SIB but 1s used for
downlink communication due to change of use.

For example, in a subirame which 1s statically used for a
downlink, since channel state information (CSI) (or channel
state) 1s stable, CoMP operation 1s applicable, but, 1n a

subirame, use of which 1s dynamically changed, since it may
be ditficult to apply CoMP, an EPDCCH may be configured
to be transmitted (or recerved) to (or from) a serving cell (or
a serving transmission point). Accordingly, QCL assumption
for the EPDCCH set 1s differently or independently defined
according to subirame types.

In addition, since the type of the transmitted reference
signal may be changed according to subirame types, QCL
assumption for the EPDCCH set i1s diflerently or indepen-
dently defined according to subirame types. For example,
since a specific reference signal (e.g., a CRS or CSI-RS)
may not be transmitted on an uplink subirame, use of which
has been changed, QCL assumption for the EPDCCH set
may be differently or independently defined according to
subirame types. Further, the cell may notify the UE of
information about different (or independent) QCL assump-
tions per subirame type via a predefined signal (e.g., a
physical layer or higher layer signal) or enable the UE to
implicitly confirm such information based on a predefined
configuration.

As another embodiment of the present invention, although
a flexible subirame 1s designated as an EPDCCH monitoring
subiframe, only when the flexible subirame 1s actually (re)
configured to be used for downlink, a rule for actually
performing EPDCCH operation (at a UE) may be defined.

Although the above-described embodiments, implemen-
tations or proposals of the present mvention may be inde-
pendently embodied, it will be apparent that combinations of
at least one or all of the above-described embodiments of the
present invention are within the scope of the present inven-
tion.

In addition, 1n the above-described embodiments of the
present invention, although the UE may identily a subiframe
configuration to implicitly determine which configuration/
rule 1s applied, the subirame type may be identified via
explicit signaling.

Further, the above-described embodiments of the present
invention are restrictively applicable to only the case of
setting the mode for dynamically changing use of radio
resources or are restrictively applicable to a specific sub-
frame type.

A BS may notity a UE of a configuration according to the
above-described embodiments of the present invention and/
or information about whether such a configuration 1s applied
via a predefined signal (e.g., a physical layer signal or a
higher layer signal).
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The embodiments of the present invention are also appli-
cable to the case 1n which an uplink subiframe on an SIB 1s
reconiigured to be used for downlink by a reconfiguration
message (that 1s, a flexible downlink subirame) or the case
in which an MBSEFN 1s configured on the subirame (that 1s,
a flexible downlink subirame).

FIG. 10 1s a diagram showing a method of monitoring a
downlink control channel according to one exemplary
embodiment of the present invention.

Referring to FIG. 10, a UE may receive monitoring
information of a control channel (e.g., a PDCCH or an
EPDCCH) from a BS and detect a downlink control signal
(that 1s, perform momtoring/blind decoding) according to
the received signal.

That 1s, 1 step S1001 of FIG. 10, the UE may receive
monitoring information according to one embodiment of the
present mvention from the BS. In S1001, the information/
configuration/rule related to detection of the downlink con-
trol information by the UE may be configured as described
above with reference to the embodiments of the present
invention and, in some cases, at least some of the above-
described embodiments of the present invention may be
combined.

In the method of monitoring the downlink control channel
described with reference to FIG. 10, details of the above-
described embodiments of the present invention are inde-
pendently applied or two or more embodiments may be
simultaneously applied. Redundant descriptions are avoided
for clarity.

FIG. 11 1s a diagram showing a base station (BS) and a
user equipment (UE) to which the embodiments of the
present mvention are applicable. If a wireless communica-
tion system 1ncludes a relay, communication 1n a backhaul
link 1s performed between the BS and the relay and com-
munication 1n an access link 1s performed between the relay
and the UE. Accordingly, the BS and UE shown 1n the figure
may be replaced with the relay according to situation.

Referring to FIG. 11, a wireless communication system
includes a BS 110 and a UE 120. The BS 110 includes a
processor 112, a memory 114, and a Radio Frequency (RF)
unit 116. The processor 112 may be configured so as to
implement the procedures and/or methods proposed 1n the
present invention. The memory 114 1s connected to the
processor 112 and stores various pieces ol information
related to operations of the processor 112. The RF unit 116
1s connected to the processor 112 and transmits and/or
receives RFE signals. The UE 120 includes a processor 122,
a memory 124, and an RF unit 126. The processor 122 may
be configured so as to implement the procedures and/or
methods proposed 1n the present invention. The memory 124
1s connected to the processor 122 and stores various pieces
ol information related to operations of the processor 122.
The RF umt 126 i1s connected to the processor 122 and
transmits and/or receives RF signals. The BS 110 and/or the
UE 120 may have a single antenna or multiple antennas.

The embodiments of the present invention described
hereinabove are combinations of elements and features of
the present invention. The elements or features may be
considered selective unless otherwise mentioned. Each ele-
ment or feature may be practiced without being combined
with other elements or features. Further, an embodiment of
the present invention may be constructed by combining parts
of the elements and/or features. Operation orders described
in the embodiments of the present invention may be rear-
ranged. Some constructions of any one embodiment may be
included in another embodiment and may be replaced with
corresponding constructions of another embodiment. It 1s
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obvious that claims that are not explicitly cited in each other
in the appended claims may be presented in combination as
an embodiment of the present invention or included as a new
claim by subsequent amendment after the application 1is
filed.

The embodiments of the present invention may be
achieved by various means, for example, hardware, firm-
ware, soltware, or a combination thereol. In a hardware
configuration, the embodiments of the present invention
may be achieved by one or more Application Specific
Integrated Circuits (ASICs), Digital Signal Processors
(DSPs), Digital Signal Processing Devices (DSPDs), Pro-

grammable Logic Devices (PLDs), Field Programmable
Gate Arrays (FPGAs), processors, controllers, microcon-
trollers, microprocessors, etc.

In a firmware or software configuration, the embodiments
of the present invention may be implemented in the form of
a module, a procedure, a function, etc. For example, sofit-
ware code may be stored 1n a memory unit and executed by
a processor. The memory unit 1s located at the interior or
exterior of the processor and may transmit and receive data
to and from the processor via various known means.

Those skilled 1n the art will appreciate that the present
invention may be carried out 1n other specific ways than
those set forth herein without departing from the spirit and
essential characteristics of the present invention. The above
embodiments are therefore to be construed 1n all aspects as
illustrative and not restrictive. The scope of the mvention
should be determined by the appended claims and their legal
equivalents, not by the above description, and all changes
coming within the meaning and equivalency range of the
appended claims are intended to be embraced therein.

INDUSTRIAL APPLICABILITY

Although an example of applying a method and device for
monitoring a downlink control channel 1n a wireless com-
munication system to a 3GPP LTE system has been
described, the present invention 1s applicable to various
wireless communication systems, i addition to the 3GPP
LIE system.

The mnvention claimed 1s:
1. A method of monitoring a downlink control channel of
a user equipment (UE) 1n a wireless communication system,
the method comprising:
recerving a configuration related to a channel state infor-
mation (CSI) measurement; and
monitoring the downlink control channel on a specific
subirame set of several subframe sets based on param-
eters for physical downlink shared channel (PDSCH)

resource element mapping received via higher layer
signaling,

wherein the parameters include one or more zero power

channel state information reference signal (CSI-RS)
configurations, when the received configuration indi-
cates several subirame sets 1n which different CSI
measurements are each to be performed for one serving
cell.

2. The method according to claim 1, wherein, when the
received configuration indicates the several subirame sets,
the several subirame sets are linked to different enhanced
downlink control channel (EPDCCH) sets.

3. The method according to claim 2, wherein the specific
subirame set 1s configured for the UE to monitor a specific
EPDCCH set that 1s quas1 co-located with an uplink-down-
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link (UL-DL) configuration configured for downlink com-
munication at a time corresponding to the specific subirame
set.

4. The method according to claim 1, further comprising;:

receiving a reconfiguration message ncluding informa-

tion indicating the specific subirame set.

5. A user equipment (UE) for monitoring a downlink
control channel 1n a wireless communication system, the UE
comprising;

a radio frequency umt; and

a Processor,

wherein the processor 1s coupled to the radio frequency

umt and configured to:

receive a configuration related to a channel state infor-
mation (CSI) measurement, and

monitor the downlink control channel on a specific
subirame set of the several subirame sets based on
parameters for physical downlink shared channel
(PDSCH) resource element mapping received via

higher layer signaling, and
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wherein the parameters include one or more zero power

CSl-reference signal (CSI-RS) configurations, when

the received configuration indicates several subirame

sets 1n which different CSI measurements are each to be
performed for one serving cell.

6. The UE according to claim 5, wherein, when the

received configuration indicates the several subirame sets,

the several subirame sets are linked to diflerent enhanced

downlink control channel (EPDCCH) sets.

7. The UE according to claim 6, wherein the specific
subirame set 1s configured for the processor to monitor a
specific EPDCCH set that i1s quasi co-located with an
uplink-downlink (UL-DL) configuration configured {for
downlink communication at a time corresponding to the
specific subiframe set.

8. The UE according to claim 3, wherein the processor 1s
further configured to receive a reconfiguration message
including information indicating the specific subirame set.
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